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Although strokes occur in approximately 3.8 per 100,000 children (1, 2) and are considered a cause of epilepsy, there is limited data on seizure incidence after pediatric strokes. In addition, factors associated with an increased risk are not well characterized. Unlike adults among whom seizures are relatively infrequent (3-5% cumulative incidence) (3, 4) , estimates among children vary ranging from 7 to 29% (5) (6) (7) . Prior studies are limited by variable duration of follow-up and lack of population-based data. Understanding the risk of remote seizures after pediatric stroke is important as affected children may require closer observation and could be targets for seizure and epilepsy prevention.
In the present study, Fox and colleagues aimed to determine incidence rates of remote seizures and predictors of epilepsy among a population-based cohort of children with stroke. A retrospective analysis of remote seizures and epilepsy within a cohort of children with stroke enrolled at Kaiser Permanente Northern California (KPNC) was performed. The original study population included all children through age 19 enrolled at KPNC between January 1993 and December 2007 (n = 2.5 million). The stroke cohort consisted of children with a documented presentation of a stroke who had imaging showing a focal infarct or hemorrhage in a location consistent with clinical presentation. Neonatal strokes and children who died during the stroke hospitalization were excluded. From the original cohort, 322 children had a nonneonatal stroke and 17 died acutely, leaving 305 for inclusion in this analysis: 140 had an ischemic stroke and 165 had a hemorrhagic stroke.
The primary outcome was remote seizure. Records were searched for International Classification of Diseases ninth revision codes relating to seizure and epilepsy in inpatient and outpatient databases. Pharmacy records were searched for antiepileptic drugs (AEDs). Cases were reviewed independently by two child neurologists, and a third when necessary to confirm the diagnosis of remote seizure. Remote seizure was defined as at least one documented unprovoked seizure occurring >30 days after stroke. Active epilepsy was defined as at least one unprovoked remote seizure and ongoing AED treatment, or less than 6 months seizure-free off AEDs at time of last follow-up visit. Analyzed predictors included age, acute seizure (seizure at time of clinical presentation), neurologic deficit at hospital discharge, stroke location, stroke type (intraparenchymal hemorrhage, subarachnoid hemorrhage/ intraventricular hemorrhage, arterial ischemic stroke, venous sinus thrombosis), and laterality. Survival analysis was used to determine incidence rates and cumulative risk of remote seizure and active epilepsy. Cox proportional hazards models determined univariate predictors of children with remote seizures and active epilepsy as a result of stroke. A multivariate analysis was also performed. 
Acute Seizures Predict Epilepsy After Childhood Stroke.

The Developing Brain Is More Likely to Seize After a Stroke
The median follow-up was 4.1 years (interquartile range, 1.8-6.8) giving a total of 1,111 person-years at risk for remote seizures. Remote seizures were identified in 49 children with no prior history of seizures. Among this group, 40 children had active epilepsy at time of last follow-up. The average annual incidence rate of a first remote seizure was 4.4% (95% confidence interval [CI]: 3.3-5.8). The 5-year cumulative risk was 16% (95% CI: 12-21), and the 10-year cumulative risk was 33% (95% CI: 23-46). The cumulative risk of active epilepsy was 13% (95% CI: 9-18) at 5 years and 30% (95% CI: 20-44) at 10 years. The greatest risk for first seizure was within the first year, suggesting that this is a particularly vulnerable period and in that year children post stroke should be monitored closely.
Acute seizures and younger age were associated with an increased risk of remote seizures. Children who had an acute seizure at time of stroke were four times as likely to have a remote seizure compared with those who did not have a seizure at time of stroke (hazard ratio, 4.1; 95% CI: 2.3-7.3). The average annual incidence rate among children with an acute seizure was 10.6% compared with 2.5% among those who did not have an acute seizure. Univariate analysis revealed that younger age also predicted remote seizures, suggesting increased vulnerability in more immature, developing brains. The multivariate analysis also found that acute seizures were a strong predictor, although not as strong as with the univariate analysis. In contrast, age at time of stroke in the multivariate analysis did not remain a strong predictor. As younger age was highly correlated with acute seizure, age was likely removed as a significant predictor because the multivariate analysis adjusted for acute seizure. The finding that younger brains after stroke are more likely to acutely seize also supports the increased vulnerability of younger and developing brains.
Seizure occurrence resulted in significant use of healthcare facilities and AEDs. Among the 49 children with a remote seizure, 34 had been seen at least once in an emergency room, and 21 had been evaluated in an emergency setting more than once because of seizures. Fifteen children were admitted to a hospital for a seizure, and 4 had been intubated necessitating an intensive care unit admission because of status epilepticus. All children with remote seizure were treated at some point with an AED. Similar to other outcome studies, 33% of the 49 children had breakthrough seizures despite AED treatment. Overall, the percentage of refractory seizures and multiple emergency room visits as well as hospitalizations demonstrates a significant burden that poststroke seizures and epilepsy place on affected children and their families.
The main limitations of this study include potentially underestimating the incidence rate of remote seizures and limited recurrent seizure assessment. As the study used electronic data to identify subjects, if no seizure or epilepsy codes were used and AEDs were not filled through the surveyed healthcare pharmacy, then cases could have been missed. Missing these cases would underestimate the incidence rate of remote seizures. Many of the children were treated with an AED after the first remote seizure, potentially limiting assessment of recurrent seizures. This limitation was addressed by measuring active epilepsy via ongoing clinical treatment likely resulting in a more conservative estimate of epilepsy risk. Potentially underestimating epilepsy risk and incidence rate of remote seizures does not impact the final conclusions of this analysis.
This well-designed and implemented analysis provides much needed understanding of the risk of remote seizures and epilepsy after pediatric stroke. In comparison to adults, children after stroke have a substantially higher risk of developing epilepsy. Children with acute seizures at the time of the stroke are particularly vulnerable. The ongoing maturation of the pediatric brain likely renders it more vulnerable and excitable than the fully matured adult brain. Of concern is the long term impact this early epileptogenesis will have on future brain development and outcomes for affected children. Children, after stroke, especially if they have had acute seizures should be monitored closely. Future studies aimed at preventing epileptogenesis should be targeted toward children after stroke.
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